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MODIFIED CARBON PRODUCTS AND AMPHTPHTLIC TONS CONTAINING COMPOSITIONS 



BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to modified carbon products, compositions prepared from modified carbon 
products and methods using the same. 
Discussion of the Related Art 

The concept of using the acid or base properties of a surface to improve wetting or dispersion 
stability is not new. The use of tonic surfactants to improve wetting or dispersion stability of ionic or 
polar materials in a non-polar environment/solvent has been used in many instances. A major limitation 
of this approach is that many solids do not have a sufficient number of polar groups available on the 
surface to allow the use of relatively simple compounds to impart stabilization or improve wetting. In 
these cases polymeric materials may be used to impart the stabilization. In the case of carbon blacks 
with high surface areas, as used in high color coatings applications, some formulations require nearly 
equal weights of polymeric material to sufficiently treat the surface. 

If the acid/base interaction between a surface and an adsorbant is weak, this interaction is easily 
overcome by a polar solvent. If the interaction strength can be increased, so will the stability of a 
surface/adsorbent complex. 

Carbon black typically has only very low levels of ionic functionality on its surface. If the level 
of ionic groups on the surface is increased, the number of potential binding sites on the surface should 
also increase. In this way the efficiency of a suitably charged adsorbent interaction with a carbon surface 
may be enhanced. 

SUMMARY OF THE INVENTION 

The present invention relates to a composition comprising an amphophilic ion and a modified 
carbon product comprising carbon having attached at least one organic group. The modified carbon 
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product has a charge opposite to the amphiphilic ion. The present invention further relates to a 
suspension comprising the above composition and a carrier or a liquid vehicle. 

The present invention also relates to coatings and ink compositions comprisina the 
above-described composition. The carbon may be of the crystalline or amorphous type. Examples 
include, but are not limited to, graphite, carbon black, vitreous carbon, carbon fibers, and activated 
charcoal or activated carbon. Finely divided forms of the above are preferred; also, it is possible to 
utilize mixtures of different carbons. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The compositions of the present invention comprise an amphiphilic ion and a modified carbon 
product. The modified carbon product comprises carbon having attached at least one organic croup. 
The modified carbon product has a charge opposite to the amphiphilic ion. 

In further detail, the amphiphilic ion is a molecule having a hydrophilic polar "head" and a 
hydrophobic organic "tail." The amphiphilic ion of the present invention can be a cationic or anionic 
amphiphilic ion. 

Examples of cationic amphiphilic ions include, but are not limited to, ammonium ions that may 
be formed from adding acids to the following: a fatty amine, an ester of an aminoaicohol, an 
alkylamine, a polymer containing an amine functionality, an aniline and derivatives thereof, a fatty 
alcohol ester of amino acid, a polyamine N-alkyiated with a dialkyl succinate ester, a heterocyclic amine, 
a guanidine derived from a fatty amine, a guanidine derived from an alkylamine, a guanidine derived 
from an arylamine, an amidine derived from a fatty amine, an amidine derived from a fatty acid, an 
amidine derived from an alkylamine, or an amidine derived from an arylamine. 

More specific and preferred examples of cationic amphiphilic ions include, but are not limited 
to, ammonium ions that may be formed from adding acids to the following: an ester of an aminodiol, 
an ester of an aminotriol. a polyethyleneimine, a polyvinylpyridine, a polyvinyl imidazole, mixed 
polymers containing at least one amino-functional monomer (including vinyl imidazole or vinyl pyridine), 
a fatty alcohol ester of aspartic acid, a fatty alcohol ester of glutamic acid, a pyridine derivative, an 
imidazole, or an imidazoline. Esters as used herein include diesters or triesters. The pKa of the 
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carbon. 

A* — e.r,ie, ,he ,„, phiphilic ion c „ 1 „ emalive , y be M in(onic ^^^^ ^ ^ 

or -* », P „, philic ions include , bm „ „ o , „ miKd (o jn su|ta£ m 

an alk7lsul6 „ . . _ ^ ^ ^ ^ ^ 

^ yl a,e sutae , an alky| phosphM 2lky|eihoxyted phMptaK _ 

a ra„ y e^,,,, , ,„ ^ ^ ^ _ ^ ^ ^ 

a polymer containing an acid group. 

Source, of ^ and prtfcrred examp|K of an . onic ^ ^ ^ ^ ^ 

■™- .0. sod ium dode^ene s „ fMBIe , , Mdillm dod£cylsu|fate AerKoi ^ _ ^ ^ 

TW. 1 provides a lisli „ g of pr e ferre d compounds usefo| K m rf ^ ^ ^ 

may be used in the compositions of the present invention. 




CATTONTr A JVfPHTPKTT t?q 




Stearylamine 
Dodecylamine 
Dirtiethyldodecylamine 
Dioctylamine 



Fatty AminA 3 and iWwn*.^ 



Stearyl guanidine 
Oleyl guanidine 
Oitolylguanidine 
Aerosol C-61 



Soyaalkylamine 
Oleylamine 
Ricinolamine 
Dimethyloleylamine 
N-Oleyldiaminopropane 
N-Tallow dipropylenetriamine 
■viaieared TrU^.^ M > nll , 



Cocaalkylamine 
DimethylcocaaJkylamine 
Ethomeen7 S/12 
Norfox IM-38 
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N-(dioleylsuccinyl) 
N,N\N"-tris-(dioieylsucc 
N.N^bisXdioleylsuccinyD-N^-Cdi.fmethyf trip 
Amino Acid Derived " ~ 


dipropylenetriamine 
inyl) dipropylenetriamine 
ropyiene glycol) succinyl) dipropylenetriamine 
Anilines " 


Uimynsiyl glutamate 
Dioleyl glutamate 
Di-(PEG350 monomethyl ether) glutamate 
Di-(PEG750 monomethyl ether) glutamate 
Dimyristyl aspartate 
Di-(bis(2 '-methoxyethy l)capram id-6-yI) 
glutamate 

Di(2*-ethylhexyicapramid-6-yI) glutamate 
Di-(2'-methoxyethylcapramid-6-yl) glutamate 
Pyridine Derived 


Aniline 
4-Dodecylaniline 


4-(l'-Butyl)pentyl pyridine 
Butyl Nicotinate 
Quaternary Derivntivp« L 


4-t-Butyl Pyridine 


I nmemylsoyaalkylammonium Chloride ' ' 

Trimethylcetylammonium Chloride 
Trimethyidodecylammonium Chloride 
l-Dodecylpyridinium Chloride 
Tetraphenylphosphonium Chloride 
Incrosoft CFI-75 
Incrosoft O-90. 
Ethoquad 0/12 

Aminoaicohol Ksrerc — : ■ 


Uiethanolamme Dioleate " — 

Diethanolamine Dimyrisate 

N-Methyldiethanolamine Dioleate 

N-Methyldiethanolamine Dimyristate 

2-Amino-2-methyl-l,3-propanediol dioleate 

2-Amino-2-methyl- 1 ,3-propanedioi dimyristate 

Tris-(hydroxymethyl)-aminomethane trioleate 

Tris-(hydroxymethyI)-aminomethane trimvristate 
Polymeric ' : ' — _ 


Copolymers ot 
Dimethylaminoethyl methacrylate and 
methyl methacrylate 

Poly(propylenegiycol)bis(2-aminopropylether) 

ANIONIC AA 


Polyethyleneimme 
Polyvinylpyridine 

Polyvinylimidazole 
rlPHIPHIlJtt 


Dodecylbenzene sulfonic acid, Na salt 
Dodecylsulfate, Na Salt 

Ricinoleic Acid, Na Salt 
Aerosol OT 


Marlowet 4540 
Sodium iaureth sulfate 
Myristic Acid Na salt 

Sodium Oleate 
Oleyl sarcosine 

Avanel S-150 

Adinol OTI6 
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E.homeen and Elhoquad „ e ftom MM Chem . ^ ^ ^ ^ ^ 

N ° ma " * C ° ' ^ ' ta from Cytee ,„ d us,ries. ,„ c WK1 

N, : ,„crosof, is from C roda, Inc.. Parsippany , NJ; Tcxapon N2S u ^ 
HenKe, KGa^Cospha, Dusseldorfi 0tm)any; Avand ,. s from ppo lndusiries/spedaiiy 
Chemica,s, Gurnee, 1L; , nd Adino , , fron , Cfoda ChemjMii ^ ^ Huratej ^ 

UK; Marlowet is from HhU AG, Marl, Germany. 

G«nera„ y . I0 form „, e ammonium ^ ^ ^ ^ ^ 

«* as carboxyhc acid . . miMra , acid _ m a|kyi suifcnjc ^ ^ _ ^ ^ ^ 

Q~ ammonium sa„s can a,so he used as the sources of .he cationic amphiphiiic 
■o, Examples indude, hut are no, ,imi,e d ,„, a fatty a, k y, trimethy, ammonium, an a lky , 
ammonium, or ,-a, ky , pyridini „m salts, where ,Ke counter ion is a hahde, sulfonate 
= -ate or the ,i k e. Als0 , p „o S pho„ium sa|B , such „ ^ ^ 

be used as the sources of the amphiphiiic ion. 

Another example of a suitahle amphiphiiic ion is a polymer containing an ammonium 

-polymer of an amine contain™, „„ n0 mer, ^ „ dimethylamin „ ethyl ^ _ 

ablate, or viny,pyri d i„e or vinylin^, and another monomer such as me,h y , achate 
™=.hyl metnacrytate, huty, acry,a,e. styrene, a„ d me , ik e. The po ly mer ma y aiso he a ,.r- or 
.^-po.ymer containing . miiaure of ,„ amjne ^ ^ ^ ^ ^ 

-omers, respective,,. Such a po ly mer ma y he prepared oy a„ y means, such as radica, 
<«»uls,on, suspension, or solution) or anionic polymerization. 

With regard ,o amount of the amphiphiiic ion that is present in the composition of ,h. 
present invent, generally , ml Qf ^ ^ ^ ^ ^ ^ 

—to a. leas, a portion of the charged groups on the caroon surface. „ is purred ,0 
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neutralize about 75% or more of the charged groups on the carbon surface. Flocculation may 
or may not occur during neutralization. 

Generally, the above-identified amphiphiiic compounds are commercially available or 
can be routinely made by one of ordinary skill in the art. 

Regarding the second component of the compositions of the present invention, the 
carbon may be of the crystalline or amorphous type. Examples include, but are not limited 
to, graphite, carbon black, carbon fibers, vitreous carbon, activated charcoal, activated carbon, 
and mixtures thereof. Finely divided forms of the above are preferred; also, it is possible to 
utilize mixtures of different carbons. The modified carbon products may be preferably 
prepared by reacting carbon with a diazonium salt in a liquid reaction medium to attach at 
least one organic group to the surface of the carbon. The diazonium salt may contain the 
organic group to be attached to the carbon. A diazonium salt is an organic compound having 
one or more diazonium groups. Preferred reaction media include water, any medium 
containing water, and any medium containing alcohol. Water is the most preferred medium. 
Examples of modified carbon products, wherein the carbon is carbon black, and various 
preferable methods for their preparation are described in U.S. patent application serial no. 
08/356,660 entitled "Reaction of Carbon Black with Diazonium Salts, Resultant Carbon Black 
Products and Their Uses," filed December 15, 1994 and its continuation-in-part application, 
U.S. patent application serial no. 08/572,525, filed December 14, 1995, both of which are 
incorporated herein by reference. Examples of modified carbon products, wherein the carbon 
is not carbon black, and various preferable methods for their preparation are described in U.S. 
Patent No. 5,554,739 entitled "Reaction of Carbon Materials With Diazonium Salts and 
Resultant Carbon Products," also incorporated herein by reference. 

In the preferred preparation of the above modified carbon products, the diazonium salt 
need only be sufficiently stable to allow reaction with the carbon. Thus, that reaction can be 
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carried ou, w,,h some diazonium salts otherwise considered to be unstable and subject 10 
decomposition. Some decomposition processes may compete with the reaction between , he 
carbon and the diazonium sal, and may reduce ,he total number of organic groups anached ,o 
•he carbon. Further, the reacion may be carried ou, a, elevated temperatures where many 
diazonium salts may be susceptible ,„ decompos,,io„. Elevated temperatures may also 
advantageously increase ,h. solubility of ,he diazonium sai, in , he reaction medium and 
improve its handiing during the process. However, elevated temperatures may resu.t i„ some 
loss of the diazonium sal. due to other decompositton processes. The diazonium salts 
may be prepared in „,„. is preferred tha , , he modif!ed ^ ^ ^ 

by-products or unattached salts. 

In the preferred process of preparation, carbon black can be reacted with a diazonium 
salt when present as a dilute, easily stirred, aqueous slurry, or in the presence of the proper 
amount of water for carbon black pellet formation. If desired, carbon black pellets may be 
formed utilizing a conventional peptizing technology. Other carbons can be similarly reacted 
with the diazonium salt. In addition, when modified carbon products utilizing carbon other 
than carbon black are used in ink jet inks, the carbon should preferably be ground to a fine 
panicle size before reaction with the diazonium salt in the preferred process to prevent 
unwanted precipitation in the inks and coatings. 

Regarding the organic group attached to the carbon, the organic group preferably 
comprises at least one aromatic group or at least one C ( -C 12 alkyl group and further contains 
at least one ionic group, at least one ionizable group, or a mixture of an ionic group and an 
ionizable group, Preferab.y, the aromatic group or the C,-C 13 alkyl group is directly attached 
to the carbon. 

A preferred set of organic groups which may be attached to the carbon are organ,c 
groups substituted with an ionic or an ionizable group as a functional group. An ionizable 
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group is one which is capable of forming an ionic group in the medium of use. The ionic 
group may be an anionic group or a cationic group and the ionizable group may form an anion 
or a cation. 

Ionizable functional groups forming anions include, for example, acidic groups or salts 
of acidic groups. The organic groups, therefore, include groups derived from organic acids. 
Preferably, when it contains an ionizable group forming an anion, such an organic group has 
a) an aromatic group or a C,-C l2 alkyl group and b) at least one acidic group having a pKa 
of less than 1 1, or at least one salt of an acidic group having a pKa of less than 1 1, or a 
mixture of at least one acidic group having a pKa of less than 11 and at least one salt of an 
acidic group having a pKa of less than 11. The pKa of the acidic group refers to the pKa of 
the organic group as a whole, not just the acidic substituent. More preferably, the pKa is less 
than 10 and most preferably less than 9. Preferably, the aromatic group or the alkyl group of 
the organic group is directly attached to the carbon. The aromatic group may be further 
substituted or unsubstituted, for example, with alkyl groups. The C,-C„ alkyl group may be 
branched or unbranched and is preferably ethyl. More preferably, the organic group is a 
phenyl or a naphthyl group and the acidic group is a sulfonic acid group, a sulfinic acid group, 
a phosphonic acid group, or a carboxylic acid group. Examples include -COOH, -S0 3 H and 
-P0 3 H 2 , -S0 2 NH 2 , -S0 2 NHCOR, and their salts, for example -COONa, -COOK, -COO'NR/, 
-SOjNa, -HP0 3 Na, -S0 3 NR/, and P0 3 Na 2 , where R is an alkyl or phenyl group. Particularly 
preferred ionizable substituents are -COOH and -S0 3 H and their sodium and potassium salts. 

Most preferably, the organic group is a substituted or unsubstituted sulfophenyl group 
or a salt thereof; a substituted or unsubstituted (polysulfo)phenyl group or a salt thereof; a 
substituted or unsubstituted sulfonaphthyl group or a salt thereof; or a substituted or 
unsubstituted (polysulfo)naphthyl group or a salt thereof. A preferred substituted sulfophenyl 
group is hydroxysulfophenyl group or a salt thereof. 
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Specific organic groups having an ionizable functional group forming an anion are p- 
sulfophenyl, 4-hydroxy-3-sulfophenyl, and 2-sulfoethyl. 

Amines represent examples of ionizable functional groups that form cationic groups and 
can be attached to the same organic groups as discussed above for the ionizable groups which 
form anion, For examp.e, amines may be protonated to form ammonium groups in acidic 
media. Preferably, an organic group having an amine substituent has a pKb of less than 5. 
Quaternary ammonium groups (-NR/) and quaternary phosphonium groups (-PR,*) a]so 
represent examples of cationic groups and can be attached to the same organic groups as ' 
discussed above for the ionizable groups which form anions. Preferably, the organic group 
contains an aromatic group such as a phenyl or a naphthyl group and a quaternary ammonium 
or a quaternary phosphonium group. The aromatic group is preferably directly attached to the 
carbon. Quaternized cyclic amines, and quatemized aromatic amines, can also be used as the 
organic group. Thus, N-substituted pyridinium compounds, such as N-methyl-pyridyl, can be 
used in this regard. Examples of organic groups include, but are not limited to, 3- 

Q^NCjHj*, C 6 H 4 COCH 2 N(CH 3 V,C 6 H 4 COCH 2 (NC 5 H 5 r, 3-C 5 H 4 N(CH 3 r, and 
C 6 H«CH 2 N(CH 3 y. 

An advantage of the modified carbon products having an attached organic group 
substituted with an ionic or an ionizable group is that the modified carbon products may have 
increased water disability relative to the corresponding untreated carbon. In general, water 
dispersibility of the modified carbon products increases with the number of organic groups 
attached to the carbon having an ionizable group or the number of ionizable groups attached 
to a given organic group. Thus, increasing the number of ionizable groups associated with the 
modified carbon products should increase their water dispersibility and permits control of the 
water dispersibility to a desired level. It can be noted that the water dispersibility of modified 
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carbon products containing an amine as the organic group attached to the carbon may be 
increased by acidifying the aqueous vehicle. 

When water dispersible modified carbon products are prepared, it is preferred that the 
ionic or ionizable groups be ionized in the reaction medium. The resulting product dispersion 
or slurry may be used as is or diluted prior to use. Alternatively, the modified carbon 
products may be dried by techniques used for conventional carbon blacks. These techniques 
include, but are not limited to, drying in ovens and rotary kilns. Overdrying, however, may 
cause a loss in the degree of water dispersibility. In the event that the modified carbon 
products above do not disperse in the aqueous vehicle as readily as desired, the modified 
carbon products may be dispersed using conventionally known techniques such as milling or 
grinding. For purposes of the present invention, the modified carbon product has a charge. 
The charge preferably is created by the organic group attached to the carbon. As explained 
earlier, if the modified carbon product is anionic, then the amphiphilic compound will be 
cationic. Similarly, if the modified carbon product is cationic, then the amphiphilic compound 
will be anionic. 

Preferably, an aryl group or a C,-C, 2 alkyl group is attached directly to the carbon 
material to form the modified carbon product and the aryl group further contains at least one 
ionic or ionizable group. Examples of preferred groups forming anionic carbons include, but 
are not limited to, -S0 3 H, -COOH, -P0 3 H 2 , -B(OH) 2 , -<)S0 3 H, -OP0 3 H 2> and salts thereof. 
Further examples of groups forming cationic carbon products include C 6 H,NC 5 IV, 
3-(l-methylpyridinium), and C 6 H 4 N(CH 3 V groups attached to the carbon material. 

If the composition of the present invention is sufficiently hydrophobic, the addition of 
the amphiphilic ion to an aqueous dispersion of the carbon having ionic groups results in 
flocculation of the carbon. This material can then easily be isolated by such means as 
filtration. It has been found that some of these types of compositions may then be easily 
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dispersed into organic solvents such as xylene, heptane, methylamyl ketone, butyl acetate, 
benzyl alcohol, butanol, methane chloride, acetone, and the like. In some cases, the carbon 
product of the present invention may be extracted into organic solvents. 

A preferred way to prepare the compositions of the present invention includes taking 
an aqueous dispersion of the modified carbon product and combining it with the amphiphilic 
ion. For instance, an aqueous dispersion of an anionically functionalized carbon black can be 
combined with an amine containing compound and one or more equivalents of an acid; or can 
be combined with a quaternary ammonium salt; or can be combined with an amine containing ' 
polymer and one or more equivalents of an acid. The resulting mixture which forms the 
compositions of the present invention can then be isolated (e.g., filtration or evaporation). 

Alternatively, an aqueous dispersion of the modified carbon product, as its free acid, 
may be combined with an amine containing amphiphile. In this way the modified carbon 
product protonates the amine, thus forming ions from each of the two components. The 
complimentary case may be useful for a modified carbon product bearing a free base with an 
acidic amphiphilic compound. 

A modified carbon product having attached anionic groups may be added to a 
continuously operating pin mixer along with a cationic amphiphilic ion in an aqueous solution. 
This allows for mixing of the materials. This process forms the composition of the present 
invention. The. resultant material may be dried or used directly. 

The compositions of the present invention can form a suspension with a suitable 
carrier or liquid vehicle. Such carriers and liquid vehicles are known to those skilled in the 
art. 

The compositions and suspensions of the present invention can be incorporated into 
various formulations such as inks, coatings, and ink jet inks, whether these formulations are 
aqueous or nonaqueous. Generally, the amount of the composition to be used in the inks 
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coatings, Inkjet inks, and plastics would be about the same as used when conventional carbon 
black is the pigment. 

As stated earlier, the compositions of the present invention are useful in non-aqueous 
ink formulations. Thus, the invention provides an improved ink composition containing a 
solvent and a composition of the present invention. Other known ink additives may be 
incorporated into the ink formulation. It is also within the bounds of the present invention to 
use an ink formulation containing a mixture of unmodified carbon with the compositions of 
the present invention. 

In general, an ink includes a colorant or pigment and solvents to adjust viscosity and 
drying. An ink may optionally further include a vehicle or varnish which functions as a 
earner during printing and/or additives to improve printability, drying, and the like. For a 
general discussion on the properties, preparation and uses of inks, see The Printing Manual, 
5th Ed., R.H. Leach, et al, Eds. (Chapman & Hall, 1993). 

The compositions of the present invention can be incorporated into an ink formulation 
using standard techniques either as a predispersion or as a solid. Use of the compositions of 
the present invention may provide a significant advantage and cost savings by reducing the 
viscosity of the formulation. This may also allow higher loading of carbon product in a 

formulation. The milling time may be reduced as well. The compositions of the present 

invention may also provide improved jetness, blue tone, and gloss. 

The compositions of the present invention may also be used in non-aqueous coating 

compositions such as paints or finishes. Thus, an embodiment of the present invention is a 

coating composition containing a suitable solvent and the composition of the present invention. 

Other conventional coating additives may be incorporated into the non-aqueous coating 

compositions such as resins. 
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Non-aqueous coating formulations vary widely depending on the conditions and 
requirements of final use. In general, coating systems contain up to 30% by weight carbon. 
The resin content can vary widely up to nearly 100%. Examples include acrylic, alkyd. 
urethane, epoxy, cellulosics, and the like. Solvent content may vary between 0 and 80%. 
Examples include aromatic hydrocarbons, aliphatic hydrocarbons, alcohols, polyalcohois, 
ketones, esters, and the like. Two other general classes of additives are fillers and modifiers. 
Examples of fillers are other coloring pigments, clays, talcs, silicas, and carbonates. Fillers 
can be added up to 60% depending on final use requirements. Examples of modifiers are flow 
and leveling aids and biocides generally added at less than 5%. The compositions of the 
present invention can be incorporated into a non-aqueous coating composition using standard 
techniques either as a predispersion or as a solid. 

Examples of non-aqueous media for the incorporation of compositions containing the 
modified carbon products of the present invention include, but are not limited to, 
melamine-acrylic resins, melamine-alkyd resins, urethane-hardened alkyd resins, 
urethane-hardened acrylic resins and the like. The compositions of the present invention may 
also be used in aqueous emulsion paints. In these types of paints, there is a non-aqueous 
portion containing the pigment wherein the non-aqueous portion is then dispersed in the 
aqueous paint. Accordingly, the compositions of the present invention can be used as part of 
the non-aqueous portions which is then dispersed into the aqueous emulsion paints. 

The compositions of the present invention are also useful in aqueous ink and coating 
formulations. Aqueous includes mixtures of water and other water-miscible or -dispersible 
substances such as alcohol. Thus, the invention provides an aqueous ink composition 
comprising water and a composition according to the invention. Other known aqueous ink 
additives may be incorporated into the aqueous ink formulation. As stated previously, an ink 
may consist of four basic components described above. Various aqueous ink compositions are 
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also disclosed, for example, in United States Patent No.s. 2.833,736; 3,607,813; 4.104.833; 
4,308,061; 4,770,706; and 5,026,755, all incorporated herein by reference. 

The composition of the present invention, either as a predispersion or as a solid, can 
be incorporated into an aqueous ink formulation using standard techniques. 

Flexographic inks represent a group of aqueous ink compositions. Flexographic inks 
generally include a colorant, a binder, and a solvent. The composition of the invention may 
be useful as flexographic ink colorants. The composition of the invention can be used in 
aqueous news inks. For example, an aqueous news ink composition may comprise water, the 
compositions of the invention, a resin and conventional additives such as antifoam additives 
or a surfactant. 

The compositions of this invention may also be used in aqueous coating compositions 
such as paints or finishes. Thus, an embodiment of the invention is an improved aqueous 
coating composition comprising water, resin and a composition according to the invention. 
Other known aqueous coating additives may be incorporated the aqueous coating composition. 
See, for example, McGraw-Hill Encyclopedia of Science & Technology, 5th Ed. (McGraw- 
Hill, 1982), incorporated herein by reference. See ajso United States Patent Nos. 5,051,464, 
5,319,044, 5,204,404, 5,051,464, 4,692,481, 5,356,973 , 5,314,945 , 5,266,406, and 5,266,361, 
all incorporated herein by reference. 

The compositions of the invention, either as a predispersion or as a solid, can be 
incorporated into an aqueous coating composition using standard techniques. 

An ink or coating may be used for a variety of uses. Preferably, in aqueous inks and 
coatings of the present invention, the compositions of the present invention are present in an 
amount of less than or equal to 20% by weight of the ink or coating. It is also within the 
bounds of the present invention to use an aqueous or non-aqueous ink or coating formulation 
containing a mixture of unmodified carbon with the compositions of the present invention. 
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Common additives such as those discussed below may be added to the dispersion to further 
improve the properties of the aqueous ink or coating. 

Also, the compositions of the present invention can be used in ink jet inks where the 
ink formulation may be based on solvents, water, or an aqueous emulsion. 

Formation of a non-aqueous or aqueous emulsion ink jet ink containing a suitable 
vehicle and stably dispersed composition of the present invention as pigment can be performed 
with a minimum of components and processing steps when the above carbon products are 
utilized. Such an ink may be used in ink jet printers which are known in the art. Preferably, 
in ink jet inks of the present invention, the compositions of the present invention are present 
in an amount of less than or equal to 20% by weight of the ink jet ink. It is also within the 
bounds of the present invention to use an ink jet ink formulation containing a mixture of 
unmodified carbon with the compositions of the present invention. Additives and/or binders 
known to those skilled in the art may be added to the dispersion to further improve the 
properties of the ink jet ink. 

Additionally, the ink jet inks may incorporate some dye to modify color balance and 
adjust optical density. Appropriate dyes would be known to those skilled in the art. 

Additionally, in preparing ink jet inks utilizing the composition of the present 
invention, sequential filtration of the inks through filters of descending size may be used to 
obtain a more desirable final product. For instance, filtering first with a 3.0 micron filter and 
then filtering with a 1.0 micron filter, and so on, as desired. In addition, the size of the 
modified carbon product in the ink jet inks is preferably no larger than about 2 microns. More 
preferably, the size of the composition of the present invention is one micron or less. 

The following examples are intended to illustrate, not limit, the claimed invention. 
BET Nitrogen surface areas were obtained using ASTM D-4820. CTAB area 
measurements were obtained using ASTM D-3760. DBPA data were obtained using ASTM 
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D-2414. Optical properties of the ink and coating films were determined with the following 
instruments: L'a'b* values with a Hunter Lab Scan 6000 a, 10 degree D65 CIELAB color 
space instrument; optical density was measured with a MacBeth RD918 densitometer; gloss 
was measured with a BYK Gardner model 4527 glossmeter. 

The nitrogen and external surface area (t-area) was measured following the sample 
preparation and measurement procedure described in ASTM D-3037. For this measurement 
the nitrogen adsorption isotherm is extended up to 0.55 relative pressure. The relative pressure 
is the pressure (P) divided by the saturation pressure (Po, the pressure at which the nitrogen 
condenses). The adsorption layer thickness (t in angstroms) was calculated using the relation: 

t = 0.88(P/Po) : + 6.45(P/Po) + 2.98. 
The volume (v) of nitrogen adsorbed was then plotted against t, and a straight line was 
then fitted through the data points for t values between 3.9 and 6.2 angstroms. The t-area was 
then obtained from the slope of this line as follows: 

t-area, mVg = 15.47 x slope. 
Sulfur contents on the carbon black product were determined by combustion analysis 
after Soxhlet washing of each sample. The mmol sulfur attached was determined by 
difference from the assay of the untreated carbon black. 
Example I : Prenarntin n of Dirnvristvl Glutamatp 

This procedure was adapted from that published by P. Bemdt, et al.. J. Amer. Chem. 
Sac, 1995, 1 17, 9515. A mixture of myristyl alcohol (21.43 g), L-glutamic Acid (7.36 g) and 
p-toluenesulfonic acid monohydrate (10.77 g) in toluene (75 mL) was refluxed under nitrogen. 
Water was separated from the distillate in a Barrett distilling receiver. When the theoretical 
amount of water (2.8 g) was collected, the heating was stopped and the toluene removed /„ 
vacuo on a rotary evaporator. The product solidified to an off-white mass (38.13 g). 



WO 97/-1769I 

PCT/US97/08855 

-17- 

This material was recrystallized from acetone (100 mL) to afford the dimyristyl 
glutamate as its p-toluenesulfonate salt (77% overall yield). 
Example o- Preparation of ?- Bm inn.?.m,fhvl.i ^ - Drona n P Hinl Hi^ 

A mixture of 2-amino-2-methyl-I,3-propanediol (5.26 g), oleic acid (33.4 mL) and 
p-toluenesulfonic acid monohydrate (1 1.0 g) in toluene (75 mL) was refluxed under nitrogen. 
Water was separated from the distillate in a Barrett distilling receiver. When the theoretical 
amount of water (3.3 g) was collected, the heating was stopped and the toluene removed /„ 
vacuo on a rotary evaporator. The product was a thick yellow oil. 

This material was converted to the free base by dissolving in methylene chloride 
(250 mL) and washing with 1 N NaOH solution (3 x 75 mL), then with deionized water 
(3 x 75 mL) and a saturated NaCl solution (2 x 50 mL). The solution was dried over Na,SO<, 
filtered, and evaporated to afford a pale yellow oil (88%). 
Example 3: Prenarati on of Dinlftvl ma ] M t„ 

A mixture of maleic anhydride (88.25 g), oleyl alcohol (483.28 g), p-toluenesulfonic 
acid monohydrate (8.56 g), and toluene (650 mL) was refluxed under nitrogen. Water was 
separated from the distillate in a Barrett distilling receiver. When the theoretical amount of 
water (17 g) was collected, the heating was stopped and the toluene removed in vacuo on a 
rotary evaporator. The product was a brown oil (532 g) and was used in Example 4 without 
further purification. 

Example 4: Preparation of N-(diolevl snrrinvH Dinmnvl^Hiamin,. 

N-(3-Aminopropyl)-l,3-propane diamine (19.68g) was dissolved in isopropanol 
(150 mL) in a 3-necked 1-liter round bottomed flask equipped with a water-cooled condenser, 
magnetic stirrer and addition funnel. A solution of dioeyl maleate (92.55 g, Example 3) in 
isopropanol (150 mL) was charged to the addition funnel. The diamine solution was heated 
to reflux and the dioleyl maleate solution was added over 7 hours. Analysis of the reaction 
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mixture by thin layer chromatography (silica gel plate 7:3 ethanol/ethyl acetate with 1% 
NH 4 OH) showed complete consumption of starting materials. The solvent was removed in 
vacuo on a rotary evaporator to afford the product as an orange oil (113 g). 
Example 5: Preparation of N.N-Bisr2 , -methoxvethvn-6-hvdroxvhexanamide 

A mixture of Bis(2-methoxyethyl)amine (11.85 g) and toluene (100 mL) was warmed 
to 65°C under nitrogen. A solution of epsilon-Caprolactone (9.23 g) in toluene (35 mL) was 
added over several minutes. The mixture was stirred at this temperature until all the 
caprolactone was consumed, as determined by thin layer chromatography (silica gel plate), 4:1 
ethanol/NH 4 OH). After 20 hours, an additional portion of bis(2-methoxyethyl)amine (3.1 g) 
was added and heating continued. After about 36 hours, all caprolactone had been consumed. 
The solvent was removed in vacuo on a rotary evaporator to afford the product as an oil 
(21.7 g). 

The product was purified by passing a solution of the crude product in 90% ethanol 
(135 mL) through a bed of DOWEX 50WX4-200 ion exchange resin. The resin was eluted 
with an additional portion of ethanol (100 mL). The combined eluates were concentrated in 
vacuo to afford the desired product as a yellow oil (59% overall yield). 

DOWEX is a trademark of the Dow Chemical Co., Midland, MI. 
Example 6: Preparation of DirN.N-Bisr2^methoxvethvn-capramid-6-vnGlutamate 

A mixture of N,N-Bis(2'-methoxyethyl)-6-hydroxyhexanamide (10.0 g, Example 5), 
L-glutamic Acid (2.97 g) and p-toluenesulfonic acid monohydrate (4.03 g) in toluene (30 mL) 
was refluxed under nitrogen. Water was separated from the distillate in a Barrett distilling 
receiver. When the theoretical amount of water (1.1 g) was collected, the heating was stopped 
and the toluene removed in vacuo on a rotary evaporator. The product was obtained as its 
p-toluenesulfonate salt as a brown oil (15.51 g). 
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Example 7- Pr^r*,; ^ 0 f a Carbon Black Product Using a Pin Pelletizer 

An eight inch diameter pin pelletizer was charged with 400 g of a carbon black with 
a nitrogen surface area of 58 m 2 /g and a DBPA of 46 ml/100 g and 32 g sulfanilic acid. The 
pelletizer was run at 150 rpm for 1 minute. Deionized water (132 mL) and sodium nitrite 
(12.75 g) were added and the pelletizer was run for 2 minutes at 250 rpm. The pelletizer was 
stopped and the shaft and pins were scraped off, then the: pelletizer was run at 1100 rpm for 
an additional 2 minutes. The 4-sulfobenzenediazonium hydroxide inner salt was generated in 
situ, and it reacted with the carbon black. The product was discharged from the pelletizer and 
dried in an oven at 70-I00°C. The product had attached p-C 6 H 4 S0 3 Na groups. Analysis of 
a Soxhlet extracted sample for sulfur content indicated that this product had 0.162 mequiv/g 
attached sulfonate groups. 

Example 8: Prepara tion of a Carbon Black Product 

This procedure describes the preparation of a carbon black product under continuous 
operating conditions. 100 parts per hour of a carbon black having a CTAB surface area of 
350 m7g and a DBPA of 120 mL/100 g was charged to a continuously operating pin mixer 
with 25 pans per hour of sulfanilic acid and 10 pans per nour of sodium nitrite as an aqueous 
solution. The resultant material was dried to give a carbon black product having attached 
p-C 4 H«S0 3 Na groups. Analysis of a Soxhlet extracted sample for sulfur content indicated that 
the product had 0.95 mequiv/g attached sulfonate groups. 
Example 9: Preparati on of N-M-aminoDhenvnpvridinium nitrite 

Silver nitrite (25.4 g) was added to a solution of 34.1 g of 
N-(4-aminopheny!)pyridinium chloride in 150 mL of methanol and the mixture was heated at 
reflux for one hour and allowed to cool to room temperature. The mixture was filtered and 
the methanol was removed under vacuum to give N-(4-aminophenyl)pyridinium nitrite. 
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Example 10: Prpp aration of a Carbon Black Product 

In pin mixer, 35.8 g of N-(4-aminophenyl)pyridinium nitrite and 300 g of a carbon 
black with a CTAB surface area of 108 nr/g and a DBPA of 116 mL/100 g were mixed. 
While mixing, 200 g of water, a solution of 14.7 g of concentrated nitric acid in 50 g of water, 
and 50 g of water were added sequentially. Mixing was continued for an additional 
3.5 minutes. The resultant material was a mixture of a carbon black product having attached 
C 6 H«N(C 5 H 5 ) + groups and water containing 53.3% solids. A sample of this material that had 
been dried and subjected to Soxhlet extraction with ethanol overnight contained 0.91% 
nitrogen, compared to 0.01% nitrogen for the untreated carbon. Therefore, the dried product 
had 0.32 mmol/g of attached C 6 H 4 N(CjH 5 )'N0 3 - groups. 

A dispersion (50 g) having 5 g solids was prepared by mixing 9.38 g of the undried 
material with water. Sodium bis(2-ethylhexyl) sulfosuccinate (1.22 g) was added. 
2-Heptanone (450 mL) and water (400 g) were added, and the mixture was shaken. Sodium 
chloride was added to break the emulsion, and the aqueous layer was removed in a separatory 
funnel. The aqueous layer was substantially free of carbon black. The carbon black product 
in the heptanone layer had a UPA mean particle diameter of 0.15 : . The heptanone layer was 
filtered through a 325 mesh screen, and the material on the screen was washed with additional 
heptanone until the washings were colorless. The screen was dried and the residue on it 
corresponded to 1.5% of the total carbon black product used. 

Mean particle diameters and the maximum particle diameters were measured usine a 
MICROTRAC Ultrafine Particle Analyzer from Leeds & Northrup Co., St. Petersburg, FL. 
The following conditions were used: nontransparent, nonspherical particles; particle 
density = 1.86 g/cm 3 ; with 2 -heptanone as the dispersing liquid. (MICROTRAC is a registered 
trademark of Leeds & Northrup Co.). 
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EgamnkJl; Flocclatior^olvent Dispersion nfP^ n RlarL . Prn „„ rtc 

The carbon black product of Example 7 containing 0.26 mequiv SO,yg or a carbon 
black product of Example 8 containing 0.95 mequiv SO. /g was dispersed in approximately 
10 mL deionized water. A solution of one molar equivalent of the compound shown in the 
table below in , mL acetic acid was added (o ^ ^ ^ ^ ^ 

After about 5 minutes, the dispersion was examined for evidence of flocculation. Those 
materials which caused the dispersion to flocculate are indicated in the table. These materials 
were then tested for solvent disability by adding c, 1 mL of dispersion to a mixture of an- 
organic solvent and deionized water, and men shaking vigorously. Results are indicated in the 

table. Conditions not tested are marked with 



Compound 



Stearylamine* 
Hexadecylamine 4 



Flocculate ? 

Yes 
Yes 



Butyl 
Acetate 



Yes* 
"Yes" 




Yes* 
No 




Oleyiamine' 
Ditolylguanidine 6 



Yes 
~Ye7 



Yes 



Yes 
~No~ 



Yes 



Yes 



Yes 



Yes 



Yes 



Yes* 



Yes 



Yes* 



Yes* 



Yes 



Yes 



Example 6 6 
DodecylaniIine b 



Yes 
"Ye7 



Yes 
~No~ 



No 



No 



No 



No 



No 



Cetyltrimetyl- 
ammonium Bromide 5 



Yes 



No 



No 



No 



Yes 



Yes* 



Yes 



Yes* 



a Used a carbon black product from Example 7. 
b Used a carbon black product from Example 8. 

Indicates that the carbon was weakly flocculated in the solvent phase. 
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Example 12; Flocculntinn^Solvent Dive r sion of Cnrhnn Black PmHnrt. 

A carbon black product from Example 10 functional^ with 0.32 mequiv/g quaternary 

ammonium groups was dispersed in approximately 10 mL of deionized water. A solution of 
one molar equivalent of the compound shown in the table below in 1 m L deionized water was 
added to the dispersion with stirring and/or shaking. After about 5 minutes, the dispersion was 
examined for evidence of floatation. Those materials which caused the dispersion to 
flocculate are indicated in the table below. These materials were then tested for solvent 
disability by adding ca. 1 mL of dispersion to a mixture of an organic solvent and' 
deionized water, and then shaking vigorously. Results are indicated in the table. 



Amphiphilic Compound | Flocculate? 


Xylene 


Benzyl 
Alcohol 


2-Heptanone 


Sodium Dodecylsulfate 


Yes 


No 


Yes* 


No 


Sodium Dodecyibenzene sulfonate 


Yes 


No 


Yes* 


No 


Sodium Oleate 


Yes 


No 


No 


No 


Sodium Bis(2-ethyihexyl) 
sulfosuccinate 


Yes 


No 


Yes 


Yes 



* Indicates that the carbon was weakly flocculated in the solvent phrase. 
Example 13: Preparation of an Amnhinhilir s a |t of a Carbon Black Pmrinrt 

A dispersion of the carbon black product of Example 7 (250 g) was made in deionized 
water (2250 mL). To this well stirred dispersion was added a solution of oleylamine (18.7 g) 
in acetic acid (250 mL). The mixture immediately became thick and frothy. After 1-2 hours, 
the product was checked for flocculation and solvent dispersibility as described in Example 11. 

The black was dispersed in the solvent (butyl acetate) indicating a complete treatment. The 
slurry was filtered on a Buchner funnel and washed with 50% ethanol and deionized 
The product was dried to constant weight in an oven at 35-45°C. 



water. 
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The procedure of Example 13 was followed 



using the amount of reagents shown in the 




Armeen SD is a soyalkylamine from Akzo Chemicals Inc., Chicago, IL 



Example 15- Use of Carbon Products with Amnhip hm. Cation, in P,w, t„u 

The carbon black products of Examples 13 and I4f were evaluated in a standard heat 
set gloss ink formulation prepared on a three roil mill. Their performance was compared to 
an untreated standard, a carbon black with a surface ^ of 53 nr/g and a DBPA of 
46 mL/100 g. 

The carbon black samples were ground in a Waring blender to break down the pelleted 
structure for about 30 seconds, then prepared for grind on a three roll mill by hand mixing 
15 g of the carbon black with 35 g of the grind masterbatch. Sample sizes for the carbon 
black products of Example 13 and 14f were weight compensated for the amount of treatment 
applied to the carbon (16.3 and 16.8 g, respectively). The masterbatch consists of 9 parts 
LV-3427XL (heatset grinding vehicle, Lawter International, Northbrook, IL) to 1 part 
MAGIESOL 47 oil. This mixture, 50 g, was ground on a Kent three roll milling running at 
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70°F. Samples were let down by mixing with an equal amount of grind masterbatch and then 
applied to a NIPRI production grindometer G-2 for evaluation of the grind. The standards 
were typically passed four times through the mill. Additional passes were made if the grind 
gauge reading was above 20 microns. The finished ink was produced by mixing the milled 
material with an equal weight of letdown masterbatch (3 parts LV3427XL; 12 parts LV6025 
(heatset gel vehicle, Lawter International); 5 parts MAGIESOL 47 oil) and passing one time 
through the three roll mill. 

MAGIESOL is a registered trademark for oils available from Magie Brothers, Franklin 
Park, IL. 

Fineness of grind data and viscosity measurements of the resulting inks are shown in 
the table below. The values in the grind Hnt* table are in microns as measured on a G-2 grind 
gauge and indicate the level where 10 scratches/5 scratches/5 defect grains are detected on the 
gauge. Steel bar Laray viscosity was measured according to ASTM method D4040-91 at 25°C 
using a TMI 95-15-00 Laray viscometer (Testing Machines, Inc.). 



Carbon Product from Example H 


|| Standard 


I " 


| 14f 


13" 


Grind Gauee 






I mill pass 


22/9/50+ 


Hangback 


0/0/26 


0/0/22 


2 mill passes 


0/0/32 


0/0/22 


0/0/19 


0/0/22 


3 mil! passes 


0/0/21 


0/0/20 


0/0/16 


0/0/18 


4 mill passes 


0/0/20 


0/0/18 


0/0/16 


0/0/18 


Larav Viscositv Data 






Viscosity (poise at 2500 s-l) 


62.7 


48 4 


51.0 


50.9 


Yield value (dyne/cm at 2.5 s-l) 


654 


355 


350 


354 



This sample was premixed with the grind vehicle in a Dispermat CV (Getzman GmbH, 
Germany) at 11,000 rpm for 30 minutes. 
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Amphiphilic treated carbon black products demonstrate significantly enhanced 
dispersion rates over that of an unmodified standard. Laray viscosity measurements showed 
decreased viscosity and yield values for these samples. 

Optical properties for inks made from the carbon black products 13 and 14f and the 
standard carbon black were determined from prints made using an RNA-52 printability tester 
(Research North America, Inc.) and are shown in the table below. Values for 1.0 and 2.0 
micron film thicknesses were calculated from linear regression of the data from the prints 
made over a range of film thicknesses. A Hunter Lab Scan 6000 (10 degree D65 CIE LAB 
color space instrument manufactured by Hunter Assocs., Fairfax, VA) was used to measure 
L* s a*, and b* values. Optical density was measured with a MacBeth RD918 densitometer. 
Gloss was measured with a BYK Gardner model 4527 glossmeter. 
Data for a 1 micron film thickness 



Example # 


Optical 
Density 


L* 


a* 


b* 


Gloss 
(60°) 


Standard 


1.32 


26.48 


1.37 


4.18 


50.0 


13 


1.37 


24.74 


1.54 


4.49 


51.5 


14f 


1.36 


23.62 


1.49 


4.18 


49.5 


13** 


1.39 


23.29 


1.49 


4.41 


50.8 



Data for a 2 micron film thickness 



Example # 


Optica! 
Density 


L* 


a* 


b* 


Gloss 
(60°) 


Standard 


2.18 


4.16 


0.83 


1.02 


56.9 


13 


2.06 


6.26 


0.97 


1.76 


57.2 


14f 


2.07 


6.15 


1.07 


1.40 


56.4 


13*' 


2.07 


6.51 


0.69 


1.28 


57.9 



This sample was premixed with the grind vehicle in a Dispermat CV (Getzman GmbH, 
Germany) at 11,000 rpm for 30 minutes. 
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These results indicate that optical properties of the ink films produced from the 
amphiphile treated carbon black products are of similar quality to that of the standard. 
Example 16: Use of Carbon Products with Amphiohilic Cations in Gloss Ink 

The procedure of Example 15 was repeated using the carbon product produced in 
Example 14a. Sample sizes for the carbon black product 14a was weight compensated for the 
amount of treatment applied to the carbon (18 g). 



Carbon Product 
From Example # 


Standard 


14a 


Grind Gauee 


1 mill pass 


12/0/50+ 


0/0/32 


2 mill passes 


0/0/27 


0/0/19 


3 mill passes 


0/0/22 


0/0/18 


4 mill passes 


0/0/20 


0/0/16 


Larav Viscosity Data 


Viscosity (poise at 2500 s-1) 


53.2 


48.1 


Yield Value (dyne/cm at 2.5 s-1) 


350 


364 



Amphiphile treated carbon black products demonstrate significantly enhanced dispersion 
rates over that of an unmodified standard. Laray viscosity measurements show decreased 
viscosity for this sample. 

Optical properties for inks made from the carbon black products 14a and the standard 
arbon black were determined as in Example 15 and are shown in the tables below. 
Data for a 1 micron film thickness 



Carbon from 
Example # 


Optical 
Density 


L* 


a* 


b* 


Gloss 
(60°) 


Standard 


1.43 


24.33 


1.39 


3.94 


48.8 


14a 


1.42 


22.75 


1.76 


5.02 


50.3 
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D^aJbLa 2 micron film thicfcn^ 




The procedure of Example 15 was repeated using the carbon producls „ fa 
Examples 14b and 14d. 




15/10/50+ 
1 1/9/48 
8/6/38 
0/0/20 



Separation 
0/0/24 
0/0/20 



Separation 
8/0/50 
0/0/30 
0/0/25 
0/0/35 



Grind flano* 

1 mill pass 

2 mill passes 

3 mill passes 

4 mill passes 

5 mill passes 
Larav Visc osity rw a 

Viscosity ( poise at 2500 s-1) 
Yield Value (dyne/cm at 2.5 s-1) 



Toe anp„ip ni ,e trMted carbon b , ack product of Exampie Mb d _ |£d 

*—ftr enhanced dispersion raK ov „ of an unmodif.ed „ E:!=mp|e ^ ^ 
somewhal more difficult , 0 disperse. 

Opncal properties for inks made from to c>rbo „ black produc[s ^ ^ ^ ^ 
aandard carbon black were defined as in Bxampie ,5 and are shown in me !=Dles be!ow . 
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Carbon from 
Example # 


Optical 
Density 


L* 


a* 


b* 


Gloss 
(60°) 


Standard 


1.26 


27.62 


1.48 


4.52 


45.2 


14b ■ 


1.45 


21.38 


1.80 


5.02 


45.4 


I4d 


1.43 


22.43 


1.80 


5.10 


41.9 



Data for a 2 micron film thickness 



Carbon from 
Example # 


Optical 
Density 


L* 


a* 


b* 


Gloss 
(60°) 


Standard 


2.06 


6.80 


0.93 


1.30 


55.1 


14b 


2.04 


7.84 


0.72 


1.15 


42.2 


14d 


2.11 


5.57 


0.69 


0.39 


42.6 



These results indicate that optical properties of the ink films produced from these 
amphiphile treated carbon black products may be of similar quality to that of the standard at 
equal sample weights. 

Example 1 6": Use of a Carbon Prod uct with Amnhiohilic Cations in Gloss Ink- 

The procedure of Example 15 was repeated using the carbon product produced in 
Example 14c. Sample size for the carbon black product of Examples 14c was weight 
compensated for the amount of treatment applied to the carbon (16.6 g). 
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Carboa Product 
From Example U 


| Standard 


14c 


Grind Ganqe 




1 mill pass 


10/7/47 


0/0/26 


2 mill passes 


6/4/34 


0/0/20 


3 mill passes 


0/0/25 


0/0/18 


4 mill passes 


0/0/21 


U/U/ 1 5 


Larav Viscositv Data 




Viscosity (poise at 2500 s-I) 


44.1 


38.8 


Yield Value (dyne/cm at 2.5 s-1) 


460 


371 



The amphiphile treated carbon black of Example 14c demonstrates significantly 
enhanced dispersion rates and lower Laray viscosity than that of an unmodified standard. 

Optical properties for inks made from the carbon black products 14c and the standard 
carbon black were determined as in Example 15 and are shown in the tables below. 
Data for a 1 micron film thickness 



Carbon from 
Example # 


Optical 
Density 


L* " 


a* 


b+ 


Gloss 
(60°) 


1 Standard 


1.34 


24.84 1 


1.52 


4.57 


44.7 


14c 


1.36 


23.54 


1.78 


4.92 


47.0 


i for a 2 micron film th;^n«-c 






















Carbon from 
Example # 


Optical 
Density 


L* | 


a* || 


b* 


Gloss 
(60°) | 


Standard 


2.04 


6.71 | 


0.99 1 


1.46 


50.7' 1 


14c 


2.15 


4.85 


0.64 


0.26 


51.8 



These results indicate that optical properties of the ink films produced from the 
amphiphile treated carbon black product of Example 14c is somewhat denser, jetter, and 
glossier than that of the standard. 
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Example 17: Use of a Car bon Black P roduct Treated with Amnhinhili. r,.;^, in a Urethap , 
Hardened Ar.rvlic Formulation 1 " 3 Uretnan> - 

This example illustrates the use of carbon black products in an acrylic enamel 
formulation. Carbon black products from Examples I4e, 14g, and 8 were used in the 
following composition. The carbon black products were ground in small steel mills (2 1/16" 
tall x 2 3/32" diameter) on a paint shaker. Each mill was charged with 200 g 3/16" chrome 
steel balls, 2.19 g carbon product, and 19.9 g of grind vehicle consisting of an 80/20 mixture 
of DMR-499 acrylic mixing enamel (PPG Finishes, Strongsville, OH) and xylene. This " 
mixture was ground for 50 minutes. Samples were evaluated on a Hegman gauge. The final 
formulation was made by adding 23.3 g DMR-499, 17.3 g xylene and 1.4 g DXR-80 urethane 
hardener (PPG Finishes, Stronsville, OH) to the mill and shaking for 15 minutes. A 3 mil 
drawdown of the completed formulation was made on a sealed Lenata chart. The film was 
air dried for 30 minutes, then baked at 140°F for 30 minutes. Optical properties were 
determined as described in Example 1 5. 

The standard was a carbon black with a CTAB surface area of 350 nr/g and a DBPA 
of 120 mL/100 g without any additional treatments. Sample size for the carbon black products 
of Examples 14e was partially weight compensated for the amount of treatment applied to the 
carbon (2.83 g); the sample size for 14 g was fully weight compensated (3.24 g). Optical 
properties and Hegman grinds are shown in the table below. Hegman values were measured 
on a Hegman gauge where 5 'sand' particles are clustered. 
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These ,es ult s sh0 „ that use of , he produc , of ExampIe He ^ th;s fonnuiMjM ^ 
" » *«r. je „e, a nd bluer coali „ e lha „ ^ ^ fcy ^ ^ ^ ^ 

- P« ea rbon „f Example , Th£ produa of Exampk Hg _ ^ ^ ^ 

the standards. 

Amphip hnp 
procedure. 

An a™.™^ polyiner was ^ fcy To a i 

-nd-bo^ fla* equipped with a reflux conde ^ addition ^ 8M Wk ^ ^ 
»nd ho, wa,e r ha,h wilh thw _ waj ^ ^ ? ^ ^ ^ ^ 

TV ^ . hea ,ed 10 approximaK|y 70 . c and _ jparged ^ 
> hou. The „ itrogen sparge . chane£d , 0 . and Mj) s ^ a ^ ^ 

of sod,™ dodccy,^ was ^ ^ ^ ^ (hen heaKd w ^ ^ 

« «* .=—, , 0% (6.0 ^ of an initiator ^ (prepired by disso]ving 

— ^ i„ 57.3 g of wa>e r > was added, fo„owed iy m p 5 . 0 g) of a „ 
«*UM mo „o m er mijtmre Spared by adding g methy| methacrylale (MMA) 3 a g 

^.n.e.hy.a^y, n^ac^e (DMAEMA), >.0 g ,dode=y ta ercap,a„ M d 5.0 go, a 
■0% aoueous „ lmim of ^ d0dMy , ben2ene su|fonaK m m ^ ^ ^ 
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stirring. Once emulsified, this mixture was stirred continuously to maintain a good emulsion. 
A rinse of 4.7 mL of water was used for each addition. The reaction was stirred for 1 hour 
at 85°C, during which a color change was observed indicating the formation of polymer. After 
this time, the remainder of the emulsified monomer mixture was gradually added to the 
reaction flask dropwise over the next 3 hours. Also during this time, the remainder of the 
initiator solution was added to the reaction flask in 4 mL portions every 15 minutes. At the 
completion of the monomer and initiator additions, each flask was rinsed with 4.7 mL of 
water, and these rinses were added to the reaction flask. The temperature was maintained at 
85'C for an additional hour. Then the reaction was allowed to cool to room temperature and 
stirred overnight. 

A dispersion of the carbon black product of Example 8 was prepared by adding 3.70 g 
of the dry carbon black to 400 mL of water in a 1 liter beaker equipped with an overhead 
stirrer. This was stirred at room temperature for 10 minutes. To this dispersion was added 
0.214 g of glacial acetic acid followed by 131.2 g of a latex containing 33.3 g of a 98.3/1.7 
copolymer of methylmethacrylate (MMA) and 2-(dimethylamino)ethyl methacrylate 
(DMAEMA) prepared as described above. The mixture was stirred for 2 hours at room 
temperature. A solution of 11.4 g of magnesium acetate tetrahydrate in 400 mL of water in 
a 2 liter beaker equipped with an overhead stirrer and hot plate was heated to 70°C, and to this 
was added the carbon black/polymer mixture. This was stirred for 20 minutes at this 
temperature and filtered, and the resulting carbon black product was dried in a vacuum oven 
at 75°C to constant weight. 

The following carbon black products were prepared following this procedure: Here, 
CB-I refers to the carbon black product of Example 8 and CB-2 refers to the carbon black 
from which the carbon black product of Example 8 was prepared. 




m 



CB-l 

CB-I 

CB-l 

CB-2 

CB-2 

CB-l 

CB-l" 

CB-2 

CB-2 

CB-f 

CB-l 

CB-I 



11.10 
18.50 
29.60 
4.43 



4.43 

4.43 

4.43 

4.43 

4.43 

4.43 

22.4 




33.3 
33.3 
33.3 
40.0 



40.0 
40.0 
40.0 
40.0 
40.0 
40.0 



200 



P(MMA/DMAEMA)(98 
P(MMA/DMAEMA)(98 
P(MMA/DMAEMA)(98.3/1 .7) 
P(MMA/DMAEMA)(98.3/1 .7) 

P(MMA/DMAEMA)(98.3/1.7) 
PMMA 



PMMA 
PMMA 
PMMA 
P(MMA/DMAEMA)(98 
P(MMA/DMAEMA)(98 
P(MMA/DMAEMA)(98. 
P(MMA/DMAEMA)(98 
P(MMA/DMAEMA)(98, 



3/1.7} 
.3/1.7) 
.3/1.7) 
.3/1.7) 



.3/1.7) 



0.214 



0.214 



0.252 



0.252 



0.252 



0.252 
1-28 




Each of the carbon black products was manually crushed to obtain a reasonably fine 
powder. After weighing the sample, the carbon black product was placed in a Soxhlet 
extractor and extracted with methy.ene chloride for at least 24 hours. Any remaining sample 
(residual) was dried to constant weight. The methylene chloride solutions were evaporated 
in vacuo on a rotary evaporator, and the weight of the organic soluble material (extractabie) 
was recorded. 

Following this procedure, the following results were obtained for the carbon black 
products of Examples 18a-.8e. In addition to the carbon black products, control samples were 
analyzed by the same method. Here, Polymer 1 is P(MMA/DMAEMA)(98.3/1.7) and CB-2 
is the carbon black product from which the carbon black product of Example 8 is prepared. 
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Sample Prior to 
Extraction with 
Solvent 


After Extraction with 
Solvent 


Example 


Sample Description 


Wt% 
Carbon 
Black 


Wt% 
Polymer 


Wt% 
Residual 


W I /Q 

Extractable 


a 


Polymer 1 


0 


100 


7.8 


92.2 


b 


Carbon Black Product of Example 8 


100 


0 


96.8 


3.2 


c 


CB-2 


100 


0 


100 


0 


d 


Carbon Black Product of Example 18a 


5.3 


94.7 


5.4 


94.6 


e 


Carbon Black Product of Example 18b 


10.0 


90.0 


1.7 


98.3 


f 


Carbon Black Product of Example 18c 


25.0 


75.0 


38.7 


61.3 


S 


Carbon Black Product of Example !8d 


35.7 


64.3 


56.8 


43.2 


h 


Carbon Black Product of Example !8e 


47.1 


52.9 


65.5 


34.5 



These examples demonstrate that, when the amount of amphiphilic groups on the 
polymer is equivalent to the amount of groups with opposite charge on the carbon black 
(Example 19e), extractable levels are high. Above this, extractable levels decrease. This 
demonstrates a method for producing a carbon black product that can disperse in organic 
solvents. 



Examples 20a-201: De monstration of Disoersibilitv of Carbon Black Products in an Oroanir 
Solvent 

Following the procedures described in Example 19, the following results were obtained 
for the carbon black products of Examples 18f-18n. In addition to the carbon black products, 
control samples were analyzed by the same method. Here, Polymer 2 is 
P(MMA/DMAEMA)(98.3/1.7), Polymer 3 is PMMA, and CB-2 is the carbon black from 
which the carbon black product of Example 8 is prepared. 
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These examples demonstrate that, when both the amphiphilic polymer and carbon black 
bearing the opposite charge are present in equivalent amounts, improved dispersibility in 
organic solvent is observed (Example 201). These examples also demonstrate that either when 
the polymer is not amphiphilic (as in Example 20g and Example 20h in which no amine is 
present and in Example 20k in which no acid is present) or when the carbon black does not 
bear an opposite charge (as in Examples 20e, 20f, 20i, and 20j), this effect is not seen. This 
demonstrates a method for producing a carbon black product that can disperse in organic 
solvents. 

Example 21: Demonstration of njonrrsihilitv nfr^n H]ack Prnd „ rt<! in an 0rpanir Sn|wwt 
Following the procedure described in Example 19. the following results were obtained 
for the carbon black product of Example 18n. In addition to the carbon black product, control 
samples were analyzed by the same memod. Here, Polymer 2 is 
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P(MMA/DMAEMA)(98.3/1.7) and CB-2 is the carbon black from which the carbon black 
product of Example 8 is prepared. 







Sample Prior to 
Extraction with 
Solvent 


After Extraction with j 
Solvent 


Example 
20 


Sample Description 


Wt% 
Carbon 
Black 


Wt% 
Polymer 


Wt% 
Residual 


Wt% 
Extractable 


a 


Polymer 2 


0 


100 


0 


100 1 


c 


Carbon Black Product of Example 8 


100 


0 


96.8 


3.2 


d 


CB-2 


100 


0 


100 


0 


21 


Carbon Black Product of Example 18n 


10 


90 


0 


100 



This example demonstrates that this process is also effective at larger scales. 
Exampl e 22: Performance of Butvl Nicotinate 

A 1 g sample of the product of Example 8 was treated according to Example 1 1 with 
butyl nicotinate. This material did not flocculate. A UPA particle size analysis indicated that 
the material was still well dispersed, mean particle diameter of 0.155 microns. Approximately 

2 mL sample of this solution was applied to a sheet of copier paper and drawn down with a 

3 mil Bird applicator. The drawdown was air dried 10-15 minutes and the optical density was 
determined to be 1.30. The drawdown was then rinsed with a stream of deionized water until 
no further run off of black pigment was observed. This was allowed to dry and the optical 
density of the water rinsed region was determined to be 1.29. Therefore, 99% of the optical 
density was retained. Results for the product of Example 8 alone are for unwashed and 
washed areas 1.31 and 1.18 respectively. In this case, only 90% of the optical density was 
retained. 

These results indicate that addition of a cationic amphiphile to a dispersed solution of 
a carbon black product such as that of Example 8 can affect the properties of the carbon black 
product even though there was no change in the solution behavior of the mixture. 
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Other embodiments of the present invention will be apparent to those skilled in the arc 
from consideration of the specification and practice of the invention disclosed herein. It is 
intended that the specification and examples be considered as exemplary only, with 
scope and spirit of the invention being indicated by the following clai 



a true 
ms. 
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WHAT IS CLATlVfF.D TS- 

1. A composition comprising a) an amphophilic ion and b) a modified carbon 
product comprising carbon having attached at least one organic group, wherein said at least 
one organic group has a charge opposite to said amphiphilic ion. 

2. The composition of claim 1, wherein said amphiphilic ion is cationic. 

3. The composition of claim 2, wherein said amphiphilic ion is an ammonium ion 
formed by adding an acid to: a fatty amine, an ester of an aminoalcohol, an alkylamine, a 
polymer containing an amine functionality, aniline and derivatives thereof, a fatty alcohol ester 
of amino acid, a polyamine N-alkylated with a dialkyl succinate ester, a heterocyclic amine, 
a guanidine derived from a fatty amine, a guanidine derived from an alkylamine, a guanidine 
derived from an arylamine, an amidine derived from a fatty amine, an amidine derived from 
a fatty acid, an amidine derived from an alkylamine, or an amidine derived from an arylamine. 

4. The composition of claim 2, wherein said amphiphilic ion is an ammonium ion 
formed by adding an acid to: an ester of an aminodiol, an ester of an aminotriol, a 
polyethyleneimine, a polyvinylimidazole, a. a homo- or co-polymer of vinylpyridine, a 
polyvinylimidazole, mixed polymers containing at least one amino-functional monomer, a fatty 
alcohol ester of aspartic acid, a fatty alcohol ester of glutamic acid, a pyridine derivative, an 
imidazole, or an imidazoline. 

5. The composition of claim 4, wherein said amphiphilic ion is an ammonium ion 
formed by adding an acid to a fatty alcohol ester of glutamic acid. 

6. The composition of claim 1, wherein said amphiphilic ion is an ammonium ion 
formed by adding an acid to a copolymer of dimethylaminoethyl methacrylate and methyl 
methacrylate. 

7. The composition of claim 4, wherein said amphiphilic ion is an ammonium ion 
formed by adding an acid to di(myristyl)glutamate. 
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8. The composition of claim 1, wherein said amphophilic ion is anionic. 



9. The composition of claim 8, wherein said amphiphilic ion is an alkyl sulfonate, 
an alkylbenzene sulfonate, an alkylsulfate, a sarcosine, a sulfosuccinate, an alcohol ethoxylate 
sulfate, an alcohol ethoxylate sulfonate, an alkyl phosphate, an alkylethoxylated phosphate, an 
ethoxylated alkyiphenol sulfate, a fatty carboxylate, a taurate, an isethionate, a salt of an 
aliphatic carboxylic acid, or an ion derived from a polymer containing an acid group. 

10. The composition of claim 9, wherein said amphiphilic ion is derived from 
sodium dodecylbenzene sulfonate, sodium dodecylsulfate, Aerosol OT, an oleic acid salt, a 
ricinoleic acid salt, a myristic acid salt, a caproic acid salt, a sulfonated polystyrene, sodium 
bis(2-ethy!hexyl)sulfosuccinate, or a homo- or co-polymer of acrylic acid or methacrylic acid 
or its salt. 

11. The composition of claim 10, wherein said amphiphilic ion is derived from 
sodium bis(2-ethylhexyl)-sulfosuccinate, 

12. The composition of claim 1, wherein said carbon is carbon black, graphite., 
vitreous carbon, carbon fiber, finely-divided carbon, activated charcoal, or mixtures thereof. 

13. The composition of claim 12, wherein said carbon is carbon black. 

14. The composition of claim 1, wherein said organic group comprises a) at least 
one aromatic group or at least one C,-C, 2 alkyl group, and b) at least one ionic group, at least 
one ionizable group, or a mixture of an ionic group and an ionizable group, wherein the at 
least one aromatic group of the organic group is directly attached to the carbon, and wherein 
the at least one C r C [2 alkyl group of the organic group is directly attached to the carbon.. 

15. The composition of claim 1, wherein the organic group includes a carboxylate, 
a sulfonate, or a quaternary ammonium ion. 
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16. The composition of claim I, wherein the organic group is C 6 H 4 SQ 3 ' or 
C 6 H 4 C0 2 \ 

17. The composition of claim 1. wherein the organic group is p-C 6 H<SO } \ 

18. The composition of claim 1, wherein the organic group is C 6 H 4 C0 2 \ 



19. The composition of claim 1, wherein the organic group is C 6 H 4 NC 5 H 5 + or 
C 6 H 4 N(CH 3 V. 

20. An aqueous ink composition comprising an aqueous vehicle and the composition 
of claim 1. 

21. A coating composition comprising an aqueous vehicle and the composition of 
claim 1. 

22. A non-aqueous ink composition comprising a non-aqueous vehicle and the 
composition of claim 1. 

23. A non-aqueous coating composition comprising a non-aqueous vehicle and the 
composition of claim 1. 

24. A non-aqueous ink jet ink composition comprising a vehicle and the 
composition of claim 1. 

25. An aqueous emulsion ink jet ink composition comprising a solvent, water, and 
the composition of claim 1. 

26. The aqueous emulsion ink jet ink composition of claim 25, further comprising 
a surfactant. 

27. A suspension comprising the composition of claim 1 and a carrier or liquid 
vehicle. 
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